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Background

* Anecdotal reports received by the Federal
Aviation Administration (FAA) indicate that light
emitting diede (LED) signall lights; appear:
prighter than conventienal signal lights using
Incandescent lamps, even for the same neominal
color and lumineus' Intensity

s | ED signal lights tend! to be more saturated in
color appearance than thelr incandescent
counterparts
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FAA specifications for blue, white
and green signal colors
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chromaticity: shift
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higher intensity
FAA AC 20-74 (Increased Input
voltage)
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Brightness appearance models

» Previously published models
predict more saturated lights
10 have higher brghtness/
lUminoeus; Intensity: (B/L) values

» Viodels give incensistent
results: which, Ifi any, apply te
conditiens matching nighttime
flight conditions?

Top: Guth and Lodge (1973);
Bottom: Ware and Cowan (1983)
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Experimental methods

¢ | aboratory experiment 1
showing| Incandescent periment 1
andl LED: signal lights of
same coler against dark

LED

Packgrounae incand.

s Additionall experiments to
explore effects of signal -
arrays (2), of dim (0.2
cd/m2) backgreund (3),
and of simulated fog (4)
using subset of conditions
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Experimental methods

s | uminous intensity ofi LED (test) signal light
moedulated around that of the iIncandescent
(reference) signal

» Slubjects (6-11 per condition, median age 31.)
made “ferced choeice™ responses to “\Whichi signal
light IS’ brighter?™ using joystick contirel
> 6 luminous Intensities and' 5 replications per color
> 9 LED colors: 2 blue, 2 white, 5 green

> 2 (for blue), 3 (for white and green) nominal
Intensities: low, medium and high (for white and
green only) (providing 0.002 to 0.2 lux at the eye)
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Experimental conditions and
apparatus

- White 1 Ref ’
- White 2 Ref. ’
= Green Ref. |

- Blue Ref.
- White 1 Test
« White 2 Test

+ Green Test
- Blue Test

s Signals viewed as point
sources from 2 m (0.6
mm diameter)

* Incandescent reference
signal light always on
bottom

¢+ | EDs dimmed via pulse
width modulation;
iIncandescents via voltage
reduction
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Simulated fog condition

» Commercial smoke/fog
machine

» Signall attenuated to
—40% of llluminance
In clear conditions

» Reom lights ofif during
experimental
conditions
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Main experimental results
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Analysis method

Green 1-Low Intensity (n=9, rZ:O.99)
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B/L = 1/(62.5%) = 1.60

'

62.5%
25% 50% 75% 100% 125% 150%

LED luminous intensity relative to incandescent
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Results

+» Little difference among low, medium and high nominal
Intensities: averages were used

» Eor white and green LED: signal lights, chrematicity,
differences result i different B/LL values' (ne difference
found between Blue 1 and 2)

s Published models (Ware and Cowan, 1983; Guih and
Lodge; 1973) usually predict rank order But not
magnitude of B/LL values, especially for Blue 1

Bluet [ 110 [ 127 [ 355 | @ 147 |
Blue2 | 105 | 116 ] 0151 ] 0 148 |
White2 | 098 | 098

| 096 | 1.17
1.73
1.65
1.48
1.41
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Additional experimental results

1/Dark 2/Array 3/Dim 4/Fog

Experiment/Viewing Condition
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* \/lewing signals in
arrays oI against
dim backgroumnds
hadilittle or ne
effiect on B/L
values

* FOg condition
resulted 1n lower
B/L values
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Predicting B/L values

* As new light seurce technologies are developed,
can a general prediction fer B/L values within
each color specification be develeped for FAA In
Speciiying signal light Brightness?

» [Factors related to brightness include (Kaiser and
Boynton, 1996):
> Hue (saturation)
> EXcitation purity.

> Chromaticity (vector) distance from reference light

e Must be calculated in a uniferm chromaticity space - CIE
1976 (u',v') color space

Lighting

ResearCh Center © 2006 Rensselaer Polytechnic Institute. All rights reserved. «Q Rﬁnsselaer



Modeling B/L values

+ A model incorporating these
factors (hue, saturation,
chrematicity distance) was
developed within the CIE (u',v)
color space

> Caveat: Results with shoertest
wavelength blue LED: signal lights
Were not consistent with
predictions (B/L data fer blue lights
are alse incensistent among
dififerent publishedl studies), so we
rely: on ourr empincal data to | L
predict B/L for short-wavelength predicted BIL value
blue lights

¢ Strong correlation between
predicted and measured B/L values

+ Model also fits (r2=0.88) a
previously published, independent
set of B/L data (Alman, 1977)
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Model B/L predictions: Blue

— Blue boundary
® Test signals
O Reference signals

Note: contours for the short wavelength blue signal
light are based on empirical data, not the model
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Model B/L predictions: White

= White boundary
@ Test signals
O Reference signals
<O W2 high ref.
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Model B/L predictions: Green

Green boundary
A Test signals
A Reference signals
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Model B/L predictions in (X,y) space
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Conclusions

*» Model predictions can be used to predict B/L ratios of
any arbitrary light signal within each FAA color
specification

> Caution Is needed when applying moedel te blue signal lights -
rely: on empincal data

» Eor present LED! products; and! pretotypes, B/L values
are:
> 1.4 for blue, 1.6 for white, 1.4 for green
» Selection| off specific chrematicities within white and
green specifications can have large effect on B/LL value:
> White - from 1.2 (warm white) to 1.6 (coeol white)
> Green: from 1.4 (green) to 1.8 (cyan)

¢ Scattered light by fog will reduce brightness
enhancement of LED signal lights
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